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Background: Individualized postoperative survival calculators for patients with cancer can be an aid for
predicting prognosis and clinical decision making, such as the use of adjuvant chemotherapy. The aim of this
study was to compare existing survival calculators for colon cancer and determine their performance using an
independent cohort of patients.

Methods: A retrospective analysis of a multi-site institutional experience was performed on patients
diagnosed with stage II-III colon cancer between January 2012 and March 2013. Patient survival rates were
estimated using Roswell Park Comprehensive Cancer Center (RPCCC), Memorial Sloan Kettering Cancer
Center (MSKCC), and MD Anderson Cancer Center (MDACC) calculators. These calculators vary in the
number and breadth of variables that are included. The agreement between selected models was obtained
through a scatter plot matrix and related intra-class correlation coefficient (ICC). Calculators’ performances
were compared using time-dependent receiver operating characteristic (ROC) curves and corresponding area
under the curve (AUC) values.

Results: After the application of inclusion and exclusion criteria, a total of 97 patients were included
in the analysis. Survival data were available for all patients. Median follow-up was 57.6 months, and the
overall 5-year survival rate was 0.74 (95% CI: 0.64-0.82). Overall, the different calculators tended to predict
survival similarly (ICC =0.017). However, there was variation among calculator performance with the
RPCCC calculator showing the highest performance (AUC =0.913), followed by the MSKCC calculator
(AUC =0.803), and the MDACC calculator (AUC =0.644).

Conclusions: Prognostic models incorporating a more comprehensive amount of patient and tumor
specific variables may provide a more accurate estimate of individual patient survival rates. These tools can be
an actual aid in the clinical practice, allowing physicians to personalize treatment and follow-up for patients

with colon cancer.
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Introduction

Colorectal cancer (CRC) is the second leading cause of
cancer-related death in the United States and the third most
common cancer in both men and women. In 2014, over fifty
thousand people died from CRC in the United States (1).
An additional 140,250 new cases are expected in 2018 (2).
The role and efficacy of adjuvant chemotherapy for CRC
have been well established. Modern chemotherapeutic
regimens have been demonstrated to improve overall
survival (OS), especially for stage II and III patients (3,4).

Accurate prognosis for patients diagnosed with cancer
is critical. Stage of the disease has been demonstrated to
be strongly associated with OS (5,6). However, predicting
prognosis for individual patients remains imprecise. In recent
years, several studies have included more clinicopathological
features in order to enhance the accuracy of the predicted
prognosis. Different prediction models have been developed
to assess survival rate for individual patients, who have been
treated for stage II and III colon cancer: (I) Roswell Park
Comprehensive Cancer Center (RPCCC) calculator (7);
(II) Memorial Sloan-Kettering Cancer Center calculator
(MSKCC, available at https://www.mskec.org/nomograms/
colorectal) (8); (III) MD Anderson Cancer Center calculator
(MDACC, available at http://www3.mdanderson.org/app/
medcalc/index.cfm?pagename=coloncancer) (9); (IV) Mayo
Clinic ACCENT calculator (available at https://www.
mayoclinic.org/medical-professionals/cancerpredictiontools/
colon-cancer) (10); and (V) Adjuvant! Online (available at
https://www. adjuvantonline.com/) (11). All of these offers
post-operative survival calculation, with the exception of the
MDACC calculator, which generates an estimate of 5-year
conditional survival (CS).

While these models have been validated and assistance
with clinical decision making (12,13), concordance in
predicting survival rates can often be variable among each of
these calculators. The purpose of this study was to compare
these selected calculators and determine which, if any, was the
most accurate in predicting the 5-year OS rate for individual
patients with stage II/III colon cancer. We hypothesized that
the more extensive inclusion of patient, tumor, and outcome-
specific variables would optimize prediction of OS.

Methods
Patients

This was a retrospective review of a multi-site institutional
experience for all patients diagnosed with clinical stage

© Journal of Gastrointestinal Oncology. All rights reserved.

Lemini et al. Comparison of survival calculators for colon cancer

IT or IIT colon cancer. Mayo Clinic Institutional Review
Board (IRB) approval was obtained for this study; informed
consent was waived by our IRB as this retrospective study
was deemed minimal risk to patients. Patient selection
was limited to the diagnosis made from January 1, 2012
to March 31, 2013. This criterion was influenced by the
RPCCC OS calculator. The RPCCC calculator includes
patients from National Cancer Data Base (NCDB) up
to 2011. Due to the participation of Mayo Clinic in the
NCDB, a cohort of patients outside the years used in the
calculator (specifically 2004-2011) was required in order
to perform appropriate external validation of this specific
calculator. This criterion was not applicable to the other
calculators, as these were developed using patients prior
to 2011. Specifically, the Mayo Clinic calculator included
patients accrued to 12 phase III clinical trials from 1989
to 2002 (10). The MSKCC and MDACC are based on
the Surveillance, Epidemiology and End Results (SEER)
Program and included patients from 1996 to 2005, and
from 1988 to 2000, respectively (8,9). The Adjuvant! Online
tool is also based on SEER prior to 2011 (11), although it is
currently being updated.

As the Adjuvant! Online calculator is currently
being revised, not every calculator could be included in
this study. Adjuvant! Online was neither available nor
accessible because of website maintenance. The Mayo
Clinic ACCENT calculator could not be used as well,
because of insufficient or incompatible data within our
cohort. Specifically, 65 patients did not receive adjuvant
chemotherapy, which is a mandatory variable for estimating
survival rate using Mayo Clinic ACCENT calculator.
Therefore, the Mayo Clinic and Adjuvant! Online
calculators were excluded from the analysis. Figure 1 shows
the selection criteria for the calculators.

Surgical resection with confirmation of pathological
stage II or III colon cancer was included among the
primary inclusion criteria. Patients were identified using
the International Statistical Classification of Disease (ICD
CM-10) codes C18.0 to C18.9. Clinical or pathological
stage I or IV patients were excluded. Patients with histology
different from adenocarcinoma, carcinoma in situ, more
than 1 recorded malignancy were excluded as well. Figure 2
summarizes the inclusion and exclusion criteria adopted for
this study.

The following patient-specific characteristics were
collected: age, gender, race, and Charlson-Deyo comorbidity
score as a measure of comorbidity status. Treatment and
outcome-related variables included the surgical procedure
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Selection of colon cancer survival rate calculators
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Figure 1 Selection criteria for colon cancer survival rate calculators. RPCCC, Roswell Park Comprehensive Cancer Center; MSKCC,
Memorial Sloan Kettering Cancer Center; MDACC, MD Anderson Cancer Center.
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Figure 2 Flow chart showing the inclusion and exclusion criteria

used to select patient for the comparison of the calculators.

(partial colectomy, sub-colectomy/hemicolectomy, total
colectomy, total proctocolectomy), margins status, number
of nodes examined and positive nodes at pathological
examination, post-operative hospital length of stay (days),
length of follow-up (months), unplanned readmission, and
administration of adjuvant chemotherapy and/or adjuvant
radiotherapy. The tumor-related characteristics included
preoperative carcinoembryonic antigen (CEA) levels, tumor
grade, size, pathological T and N stage (7th edition AJCC
staging). Table 1 summarizes the calculator-specific collected

variables as they pertain to the selected OS calculators.
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Statistical analysis

Patient characteristics were summarized using the mean,
median, and standard deviation for continuous variables and
using frequencies and relative frequencies for categorical
variables. OS was summarized using standard Kaplan-Meier
methods, where estimates of median and 5-year OS were
obtained with 95% confidence intervals. The 5-year OS
survival scores were summarized for each calculator using
the mean, median, and standard deviation. The association
between scores from different calculators was examined
using a scatter plot matrix, while their agreement was
assessed using the intra-class correlation coefficient ICC).
The performance of the calculators was assessed using time-
dependent receiver operating characteristic (ROC) curves
and corresponding area under the curve (AUC) values. All
analyses were conducted in SAS v9.4 (Cary, NC, USA) at a

significance level of 0.05.

Results

A total of 504 patients were extracted from our multi-site
institutional database. Following the application of the
inclusion and exclusion criteria, a total of 97 patients were
suitable for the analysis. The overall patient and tumor
characteristics used to calculate survival rates are shown in
Table 2. Figure 3 shows the Kaplan-Meier curve for OS. The
survival data were available for all 97 patients, of which there
were 23 events. The median follow-up was 57.6 months. The
S-year OS rate was 0.74 (95% CI: 0.64-0.82).

jgo.amegroups.com 7 Gastrointest Oncol 2018;9(6):1091-1098



1094

Table 1 Variables needed to calculate survival rates for each calculator
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MSKCC (institutional)

MDACC (institutional) RPCCC (NCDB)

Any stage Any stage Stage Il or lll

Variables
Post-operative Not post-operative Post-operative

5-year OS 5-year CS 5-year OS
Age ° ° °
Gender ° ° °
Race ° °
Charlson-Deyo® °
Grade ° ° °
Size °
CEA level °
Surgery (procedure) °
Margins °
Number nodes examined ° °
Number nodes positive ° °
Pathological T stage °
Pathological N stage °

Pathological stage
Clinical stage

Post-op length of stay
Unplanned readmission
Adjuvant chemotherapy

Adjuvant radiation

#, Charlson-Deyo comorbidity score is an estimate of comorbid conditions based on ICD-9 diagnosis codes. A score of 0 indicates no
comorbidities. Point values are assigned to comorbid conditions based on severity. The NCDB truncates possible scores to 0, 1 and 2
due to the small proportion of cases exceeding a score of 2. MSKCC, Memorial Sloan Kettering Cancer Center; MDACC, MD Anderson
Cancer Center; RPCCC, Roswell Park Comprehensive Cancer Center; NCDB, National Cancer Data Base; CEA, carcinoembryonic
antigen; OS, overall survival; CS, conditional survival; ICD, International Classification of Diseases.

The scatter plot matrix used to examine the agreement
between all calculators is shown in Figure 4. Results indicate
that the different calculators tended to rank patients
similarly. Thus, if a patient obtained the highest survival
score using the RPCCC calculator, then that patient was
likely to obtain a high score for the other two calculators.
However, there was variation on what the predicted survival
score should be, indicated by the overall ICC of 0.017.
When comparing how the MDACC performed with the
other calculators, a negative ICC was obtained (~0.294 and
-0.541), which is due to the survival scores of MD Anderson
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being generally more optimistic. Conversely, there was a
reasonable level of agreement between the RPCCC and
MSKCC calculators (ICC =0.723).

When evaluating individual calculator performance
with the observed OS, the RPCCC calculator had the
highest AUC (0.913), followed by the MSKCC calculator
(AUC =0.803), and the MDACC calculator (AUC =0.644).
Therefore, given the AUC >0.8, RPCCC and MSKCC
calculators were similarly able to differentiate between good
and poor outcome patients. Figure 5 shows the performance
evaluation and the AUC:s for each calculator.
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Table 2 Patients characteristics used to compare survival calculators

Variables Overall
Overall

N (%) 97 [100]
Age

Mean (SD) (years) 70.7 (14.9)
Gender (%)

Male 53 (54.6)

Female 44 (45.4)
Race (%)

White 94 (96.9)

Black 2(2.1)

Unknown 1(1.0)
Charlson index® (%)

0 6 (6.2)

1 17 (17.5)

2 74 (76.3)
Grade (%)

1 5(5.2)

2 48 (49.5)

3 42 (43.3)

Unknown 2(2.1)
Tumor size (cm) (%)

1-4 24 (24.7)

4-9 61 (62.9)

>9 12 (12.4)
CEA (%)

Normal 40 (41.2)

Elevated 27 (27.8)

Unknown 30 (30.9)
Surgery (%)

Partial colectomy 27 (27.8)

Sub-colectomy/hemicolectomy 59 (60.8)

Total colectomy 9(9.3)

Total proctocolectomy 2(2.1)

Table 2 (continued)
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Variables Overall
Margins (%)
Negative 96 (99.0)
Positive 1(1.0

Nodes examined

Mean (SD) 31.2 (16.7)
Nodes positive

Mean (SD) 1.5@3.2)
Stage (%)

2 52 (53.6)

3 45 (46.4)
Length of stay (days)

Mean (SD) 5.6 (4.9)
Unplanned readmission (%)

No 93 (95.9)

Yes 4(4.1)
Adjuvant chemotherapy (%)

No 65 (67.0)

Yes 32 (33.0)
Adjuvant radiation (%)

No 94 (96.9)

Yes 3(3.1)

? Charlson-Deyo comorbidity score is an estimate of comorbid
conditions based on ICD-9 diagnosis codes. A score of 0 indicates
no comorbidities. Point values are assigned to comorbid
conditions based on severity. The NCDB truncates possible scores
to 0, 1 and 2 due to the small proportion of cases exceeding
a score of 2. SD, standard deviation; CEA, carcinoembryonic
antigen; ICD, International Classification of Diseases; NCDB,

National Cancer Data Base.

Discussion

One of the most significant values of survival prediction
models lies in the ability to estimate survival outcomes
for individual patients, and then to quantify the potential
benefit from adjuvant treatment. In this study, a comparison
between existing calculators was performed, hypothesizing

that a more comprehensive inclusion of patient, treatment,
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Figure 3 Kaplan-Meier curve showing 5-year OS. OS, overall

survival.

and tumor specific variables would lead to a more accurate
prediction of OS.

The present analysis involved patients from three sites
in different areas of the United States, which increased the
heterogeneity of the studied population. Moreover, the
multi-site institutional database was queried in order to
perform an external validation with complete data for all
RPCCC, MSKCC, and MDACC calculators. The median
length of follow up (57.6 months) was sufficient to compare
S-year survival rates for each calculator.

The RPCCC calculator achieved the best performance
(AUC =0.913) in estimating 5-year survival rates. Thus,
the inclusion of more variables in the equation likely
allows a higher level of input and analysis for each patient,
resulting in a more accurate OS prediction. Variables which
contribute to OS, including comorbid status (Charlson-
Deyo index) and post-operative outcomes, such as length
of stay and potential readmissions as surrogates for post-
operative complications, increase the completeness of the
prediction. These variables have been demonstrated to
have a strong correlation with OS. As additional benefit,
they can also be used as a measure of quality for surgery
outcomes (7,14,15). At present, the RPCCC calculator
is the only one incorporating these variables in its model
(8-11). The MSKCC and MDACC calculators showed a
lower performance (AUC =0.803 and 0.644, respectively),
although these still show a good to very good ability for
OS prediction. The lower AUC scores may be explained
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Figure 4 Agreement plot between Prediction Tools. RPCCC
and MSKCC calculators show a reasonable level of agreement.
ICC, intra-class correlation coefficient; RPCCC, Roswell Park
Comprehensive Cancer Center; MSKCC, Memorial Sloan

Kettering Cancer Center.

by the relatively limited number of variables included in
their models. Furthermore, the MDACC calculator does
not generate post-operative outcomes but rather predicts
conditional 5-year survival. Thus, its performance is
extrapolated to this patient population, which had surgery
as part of their treatment course.

In the recent years, the development of calculators and
tools estimating outcomes has increased and their use is
becoming part of the assessment and decision-making
process (16-18). Even though equations and nomograms,
which these tools are based on, can be quite complex, they
result practicable and easily accessible aids for patients and
physicians (12,13). The RPCCC calculator equation is
quite complex but was developed into a free, user friendly,
mobile application (7) that will allow for more feasible use
of the calculator. In addition, all of the other calculators
are available online through web-based interactive pages.
However, in spite of these promising advantages, the

jgo.amegroups.com 7 Gastrointest Oncol 2018;9(6):1091-1098



Journal of Gastrointestinal Oncology, Vol 9, No 6 December 2018

RPCCC

e
o
o
-
o
o

) T
© ®
2075 2 o7
g g
g 0.50 g 0.50
z z
Z s
S 0.25 2 025
C C
o} o}
[ (]
0.00 AUC =0.913 0.00 )
0.00 0.25 050 0.75 1.00 0.00 0.25

1-Specificity (false positive rate)

MSKCC

1097

MDACC
1.00

0.75

0.50

0.25

Sensitivity (true positive rate)

AUC =0.803 AUC =0.644

0.00 -+

0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1-Specificity (false positive rate)

1-Specificity (false positive rate)

Figure 5 Evaluating Prediction Tool Performance. The AUC for both RPCCC and MSKCC calculators is greater than 0.8; indicating
that these calculators can differentiate between good and poor outcome patients. AUC, area under the curve; RPCCC, Roswell Park
Comprehensive Cancer Center; MSKCC, Memorial Sloan Kettering Cancer Center; MDACC, MD Anderson Cancer Center.

use of these tools is not intended as a replacement of the
clinical judgement. Instead, these tools should be used
an instrument that can refine the prognosis appraisal and
treatment decision making, and potentially act as a bridge
between individual patient and large-scale statistics.
Limitations of this comparison include those involved
in retrospective studies, which introduces bias in patient
selection. Moreover, patients were accrued from an
institutional database, and thus this may affect the
reproducibility of results on the whole population. Indeed,
the OS of the cohort used in this study was higher than
that reported in the cohort used to generate the RPCCC
calculator. Thus, this may have influenced the accuracy
of the calculators tested as a more population with more
favorable observed outcomes may be better suited for
certain calculators, whereas a different population with
poorer observed outcomes may potentially be better
suited for different calculators. The available data were
also limited to a modest number of patients (n=97), and,
as a consequence, this may influence the strength of the
comparison. In this analysis, it was not possible to compare
all existing calculators that estimate survival rates for colon
cancer. A significant number of patients were not eligible to
be used in the Mayo Clinic ACCENT calculator because
of incompatible data. In addition, the Adjuvant! Online
tool was unavailable online due to current updating and
maintenance (19). The inclusion of these two calculators in
the comparison would have granted a more comprehensive
overview on the impact of all calculators in the clinical
practice. Lastly, calculators estimate 5-year OS or CS
instead of disease-free (DFS) or disease-specific (DSS)
survival, which act as a valid surrogate for OS (20) and
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provide more specific information about mortality rates
directly related to cancer.

Nonetheless, this study reports a valuable comparison
between three important existing survival rate calculators
for colon cancer. Based on the hypothesis that a more
comprehensive list of variables, spanning patient, tumor,
and treatment related characteristics would result in the
most optimal post-operative OS survival calculator, the
RPCCC calculator was shown to be the most accurate
tool. A study utilizing a larger population, and perhaps in a
multi-institutional cohort, would enhance the comparison
between the different calculators, and is the focus of further
studies.
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